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FREQUENCY DETECTOR SYSTEM 

TECHNICAL FIELD 

The present invention relates generally to a generator 
control system, and more particularly to a system for 
detecting the output frequency of a generating system. 

BACKGROUND ART 

A prior generating system has been developed by the 
assignee of the instant application which includes a 
main generator, an exciter and a permanent magnet 
generator, (PMG), all of which are driven by a source 
of motive power and a constant speed drive (CSD). The 
frequency of the output power from the main generator 
is maintained within closely prescribed limits by means 
of a frequency control implemented by a microproces 
sor. The microprocessor controls a servo valve in the 
CSD, and hence the output speed of the CSD, depend 
ing upon the frequency of the waveform developed by 
the PMG. In such a frequency control, a divider/coun 
ter counts the number of pulses developed by a system 
clock between particular points in the wave form from 
the PMG to derive an indication of the period, and 
hence the frequency, of the waveform. Once the fre 
quency indication is derived, an interrupt is coupled to 
the microprocessor which is processed by an interrupt 
handler to halt main program execution so that the data 
representing the frequency of the PMG output can be 
sensed by the microprocessor. Following the interrupt, 
main program execution resumes within the micro 
processor so that it canaccomplish the required control 
functions. 
While the above system has been found satisfactory 

to control output frequency of a generator system such 
as that described above, the small number of interrupt 
inputs and handlers provided by the microprocessor has 
limited the ability of the microprocessor to control 
other functions in the generating system. When it is 
desirable or necessary to control functions in the system 
requiring interrupt inputs and handlers beyond that 
which can be accomodated by the microprocessor, an 
additional chip or chips must be provided to accomplish 
the interrupt handling function. Moreover, the software 
for handling an interrupt can become quite complex 
requiring additional programming above and beyond 
that required to implement the control functions. 
The use of an interrupt procedure for data input also 

reduces the length of time remaining in each control 
cycle to accomplish control functions. In a real time 
based system, such as that described above, it would be 
desirable to reduce as much as possible the number of 
interrupts to be handled in a control cycle to in turn 
provide more time for other functions. 
Other systems which rely upon an interrupt proce 

dure to accomplish data input are disclosed in: 
Miyakawa US Pat. No 4,404,648; Takahashi US. Pat. 
No. 4,398,260; Skarvada US. Pat. No. 4,270,176; and 
Goodson US. Pat. No. 4,291,878. 

DISCLOSURE OF THE INVENTION 

In accordance with the present invention, the above 
problems are obviated by a frequency control for a 
generating system which includes means for allowing 
frequency information to be detected by a microproces 
sor or other system processor without the use of inter 
rupts and interrupt handlers. 
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2 
The frequency control of the present invention in 

cludes means for deriving an indication of the output 
frequency of the generating system which includes 
means for sensing the frequency of the output of a PMG 
of the generating system or the output of an MPU. The 
indication of output frequency is coupled to a system 
processor which executes a series of control cycles 
during which the processor controls the speed at which 
the generating system is driven based upon the output 
frequency. The indication of output frequency is de 
tected by the microprocessor at a particular point in 
each control cycle rather than at random intervals by 
means of an interrupt procedure. ' 
The indication deriving means includes means cou 

pled to the PMG or MPU for counting of the number of 
clock pulses which are developed by the processor 
during an interval between particular points in the 
PMG or MPU output waveform. Also included are 
means for generating a ready signal indicating that the 
count is ready to be sensed and means for holding the 
count until a reset signal is coupled to a reset input of 
the counting means. When the processor detects the 
presence of the ready signal at the predetermined point 
in a control cycle, the indication of output frequency is 
sensed. A reset signal is then generated by the processor 
after the count is sensed to initiate development of a 
new count. 

Once the processor has received the count, it is com 
pared against a desired value, and the result of the com 
parison is in turn used to control a servo valve in the 
constant speed drive to adjust the speed of the shaft and 
hence the frequency of the generator output. 

Since the control system incorporating the frequency 
detector of the present invention does not require an 
interrupt procedure to input data, the processor can be 
utilized to control additional functions and/ or the num 
ber of chips required to implement the generator con 
trol system can be reduced. Furthermore, the required 
programming to implement the system can be reduced 
as compared with a comparable system which utilizes 
an interrupt procedure. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a combined diagrammatic and block dia 

gram of a generator system incorporting a frequency 
control system; 
FIG. 2 is a block diagram of a prior art frequency 

control system for the generator system shown in FIG. 
1; 
FIG. 3 is a block diagram of a frequency control 

system incorporating the frequency detector of the 
present invention which may be utilized in place of the 
frequency control system shown in FIG. 2; 
FIG. 4 is a ?ow chart of the overall programming 

contained within the microprocessor shown in FIG. 3; 
FIG. 5 is a more detailed flow chart illustrating the 

programming of the “initialize” and “frequency input” 
blocks shown in FIG. 4; and 
FIG. 6 is a series of waveform diagrams illustrating 

the operation of the circuitry shown in FIG. 3. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring now to FIG. 1, there is illustrated a gener 
ating system 10, sometimes referred to as an intergrated 
drive generator, which is driven by a source of motive 
power in the form of a prime mover 12. The prime 
mover 12 is coupled by means of a shaft 14 to a constant 
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speed drive, or CSD 16, and to the rotor structures of a 
permanent magnet generator, or PMG 18, an exciter 20 
and a main generator 22. The constant speed drive 16 
converts the variable speed output from the prime 
mover 12 into constant speed motive power to drive the 
electromagnetic structures 18, 20, and 22. 
As is usual in such types of generating systems, rota 

tion of the shaft 14 and the rotor structure 24 of the 
PMG 18 causes generation of polyphase power in stator 
windings 26. The polyphase power is coupled to a trans 
former 28 and to a recti?er 30 which converts the poly 
phase power into DC power. This DC power is coupled 
to a voltage regulator 32 which provides a controlled 
DC level to a ?eld winding 34 of the exciter 20, the DC 
level being a function of the output desired from the 
main generator 22. This regulation may be accom 
plished by means of feedback circuitry, illustrated gen 
erally at 36, which may sense various output parameters 
of the main generator 22, such as output voltage, output 
current or the like. 
The voltage regulator may also provide power to 

other components of the generating system as is con 
ventional. 

Rotation of the shaft 14 and the rotor structure 38 of 
the exciter 20 in turn causes generation of a polyphase 
alternating current waveform in a set of armature wind 
ings 40 of the exciter 20. This polyphase power is con 

' verted into DC power by a recti?er 42 and is coupled to 
a ?eld winding 44 of the main generator 22. The rota 
..tion of the rotor 46 of the main generator 22 in turn 
causes the generation of polyphase output power in 
armature windings 48 in the stator of the main generator 
22. 

In FIG. 1, the output power from the main generator 
22 is illustrated as being three phase AC power at 400 
hz. It should be noted that the output power from the 
main generator may consist of a different number of 
phases at a different frequency, if desired. 

Referring now to FIG. 2, there is illustrated a prior 
art frequency detector which has been utilized in con 

is ‘ junction with the generator system 10 shown in FIG. 1. 
The frequency detector detects the output frequency of 
the PMG 18 via a signal conditioner 52 which converts 
the PMG output into a series of rectangular pulses 
which are in turn coupled to a divider/counter 54. The 
divider/counter 54 is initially set to a value which dis 
ables counting in timer counter 56. After the ?rst pulse 
is received from the signal conditioner 52, the divider/ 
counter 54 counts to a value that enables counting in 
Timer Counter 56. As pulses are received from the 
signal conditioner 52, the divider/counter 54 counts to 
a value that disables the timer counter 56 and sends an 
interrupt signal on a line 62 which is connected to an 
interrupt input of the microprocessor 58. At this point, 
the microprocessor reads the contents of the timer/ 
counter 56 over a data bus 64, and in addition provides 
a reset pulse through an input/output port 66 to a reset 
input of the divider/counter 54. The circuit 54 is held in 
a reset state as the data from the timer/counter 56 is 
read over the bus 64. The microprocessor 58 then uti 
lizes the data from the timer/counter 56 to derive an 
indication of the frequency of the generating system. In 
addition, the reset is removed from the circuit 54. 
As previously noted, the system shown in FIG. 2 

requires the use of an interrupt handler in the micro 
processor 58. This not only reduces the number of inter 
rupt handlers for other functions to be performed by the 
microprocessor 58 but also increases the complexity of 
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4 
the programming required therefor and, in addition, 
reduces the control functions which can be imple 
mented. 

Referring now to FIG. 3, the above disadvantages 
have been overcome by the frequency control of the 
present invention, which as previously noted, does not 
require an interrupt procedure to input information into 
the system processor. As seen in FIGS. 1 and 3, a line to 
line voltage signal from the PMG 18 is coupled from the 
transformer 28 to a frequency pickoff 70 which pro 
vides data to a system processor in the form of a micro 
processor 72 indicative of the period, and hence the 
frequency, of the power developed by the PMG 18. 
Since the PMG 18 and main generator 22 are driven at 
the same speed, the frequency of the main generator 
output is proportional to the frequency of the PMG 
output and hence the latter can be utilized to obtain 
output frequency information. This data, designated PA, 
is compared by the microprocessor 72 against a desired 
value, designated PD, and the result of the comparison is 
utilized to control a servo valve (not shown) in the 
constant speed drive 16 to in turn control the speed at 
which the PMG, exciter and main generator are driven. 
As seen in FIG. 3, the output derived from the trans 

former 28 is coupled to a signal conditioning circuit 80 
which develops a series of input pulses at a frequency 
proportional to the output frequency. The output from 
the conditioning circuit 80 is coupled to a sequencer 82 
which, in the preferred embodiment, comprises a binary 
counter which effects a gating function. The sequencer 
82 includes a pair of outputs Q1 and Q2 which are cou 
pled together by means of diodes D1 and D2 into a 
logical OR con?guration. The diodes D1 and D2 are in 
turn connected to a gating input of a period measuring 
or clock pulse counter 84, described more speci?cally 
below. 
The sequencer 82 also includes an output Q3 and a 

pair of inputs, denoted DIS and RST which denote 
disable and reset inputs, respectively. The Q3 output is 
coupled to the DIS input and to an input port 86 over a 
“ready” line 87. The input port 86 is in turn coupled to 
the microprocessor 72 over a data/address bus 88. 
Also coupled to the data/address bus 88 is an output 

port 90 which is coupled to the reset input RST. 
The microprocessor 72 is also coupled to the period 

measuring counter over the data/address bus 88. Also, 
the microprocessor includes a system clock which is 
coupled to a clock input of the counter 84 by means of 
a line 96. The microprocessor 72 operates in conjunc 
tion with a random access memory, or RAM 98 and an 
erasable programmable read only memory or EPROM 
100. The EPROM 100 contains the control program for 
the microprocessor 72 while the RAM 98 contains reg 
isters and ?ags which are used to store various interme 
diate and ?nal results generated by the control program. 

Referring now to FIG. 4, the microprocessor 72 in 
cludes means for executing a series of control cycles 
during which time various parameters are sensed by the 
microprocessor 72 and control over various functions is 
accomplished. Following start-up of the microproces 
sor 72 a block 100 initializes the variables and ?ags used 
in the control process. A block 102 then senses the 
frequency of the power from the PMG 18. This infor 
mation is utilized by a main program 104 which per 
forms the various data processing and control functions. 
Control then passes to a block 106, labeled BACK 
GROUND, which occupies the balance of the cycle 
time. The BACKGROUND block 106 may be simply a 
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pause until a real time clock interrupt is generated or 
may include various tests such as memory tests or the 
like, if desired. 
Once a real time clock interrupt has been generated, 

control returns to the block 102 where the frequency is 
again sensed. 

Referring now to FIGS. 3, and 6, assume that at time 
t=t,,, a reset pulse is developed by the microprocessor 
72 and is coupled over the data/address bus 88 and the 
output port 90 to the reset input RST of the sequencer 
82. At this point, each of the outputs QO-Q} is reset to a 
low state. The sequencer 82 then begins counting the 
number of pulses received from the signal conditioner 
80. Upon receipt of the second falling edge from the 
signal conditioner 80 at t=t1, the output Q1 assumes a 
high state, in turn providing a high state gating signal to 
the gate input of the period measuring counter 84. The 
counter 84 then begins to accumulate system clock 
pulses in an interval during which a particular number 
of input pulses have been accumulated ‘by sequencer 82. 
During this interval a digital count is developed in a 
register within the counter 84, which is coupled to the 
data/address lines 88. As additional pulses are received 
by the sequencer 82, the outputs Q1 and Q2 remain high 
until the eighth falling edge from time to is received at 
the input CK of the sequencer 82. Upon receipt of this 
falling edge'at t=t2, the outputs Qland Q2 return to a 

' ‘ ‘ low state and the output Q3 assumes a high state. This 

2 high state signal is immediately coupled to the disable 
input DIS of the sequencer 82, thereby inhibiting same. 
and preventing further input pulses from being accumu 
lated thereby. The low state signals from the outputs 
Q1 and Q1 also disable the period measuring counter 84 
in turn inhibiting further accumulation by this circuit as 
well. In addition, the high state signal from the output 
Q3 is coupled to the input port 86 over the “ready” line 
87. 

Referring specifically to FIG. 5, the function per 
formed by the “initialize” block 100 shown in FIG. 4 is 

I . .accomplished in part by a pair of blocks 120, 122 which 
initially reset the period measuring counter 84 and the 
sequencer 82 such as at the time t =t0. Following the 
block 122, the circuitry shown in FIG. 3 proceeds 
through the above noted steps until a high state signal is 
impressed on the “ready” line 87 and the period measur 
ing counter 84 is finished accumulating pulses from the 
system clock in the microprocessor 72. 
A block 124 detects the status of the “ready” line 87 

and if a block 126 determines that the “ready” line does 
not have a high state signal thereon, a block 128 then 
provides a previous or a default value for the value PA. 
This feature is included to prevent the use of invalid or 
incomplete data by the microprocessor 72. 
On the other hand, if the block 126 determines that 

the “ready” line has a high state signal thereon, a block 
130 then reads the output of the measuring counter 84 in 
order to determine the output from the PMG 18. 
A pair of blocks 132, 134 then reset. the period mea 

suring counter 84 and the sequencer 82 and control 
passes to the main program, block 104 FIG. 4. 
The frequency detector of the present invention 

counts the number of clock pulses that are developed 
during six input pulses to average out the effect of short 
term variations in the generator output which, if uncor 
rected, could cause jitter in the output frequency. If 
desired, a different number of input pulses may serve to 
define the clock pulse counting interval. 
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6 
It can be seen that the control program illustrated in 

FIGS. 4 and 5 does not depend upon the generation of 
an interrupt signal or the use of an interrupt handler in 
order for the microprocessor 72 to acquire data relative 
to the frequency of the PMG output since this data is 
acquired at, a predetermined point in the control pro 
gram, i.e. block 102. This, in turn, frees a unused inter 
rupt handler for other tasks and/or reduces the need for 
additional chips to handle the interrupt handling tasks. , 
Programming is also simpli?ed. 

It should be noted that other types of gating arrange 
ments may be used between the sequencer 82 and the 
period measuring counter 84, depending upon the num 
ber of pulses which are to be measured from the signal 
conditioner 80. For example, if only four pulses are to 
be measured, then a direct connection between the 
output Q2 and the gate input of the period measuring 
counter 84 may be effected in order to accomplish this 
function. 

Also, it should be’ noted that an MPU sensor may be 
utilized as the frequency pick-off. In this case, the con 
nections between the sequencer 82 and the counter 84 
would be modified to provide the proper clock pulse 
counting interval, depending upon the number of lobes 
disposed on the shaft which are sensed by the MPU. 
A further advantage of the instant invention over 

prior detectors which utilize interrupt procedures is 
that the present invention automatically accepts only 
one data input per control cycle and hence no provision 
need be made in the programming to lock out additional 
inputs. 

I claim: 
1. A frequency detector for a generating system hav 

ing a. generator driven by a source of motive power, the 
generator developing an output waveform at an output 
frequency dependent upon the speed at which the gen 
erator is driven, comprising: 
means for developing input pulses at a frequency 

proportional to the output frequency; 
a system processor including a clock for developing 

clock pulses wherein the processor executes a se- ' 
ries of control cycles during which the processor 
controls the speed at which the generator is driven 
in accordance with the output frequency; 

a clock pulse counter having a clock input coupled to 
the clock, a gating input and an output coupled to 
the system processor; 

means coupled to the gating input of the counter and 
to the developing means for gating the counter to 
cause it to accumulate clock pulses during an inter 
val beginning at a ?rst point in time and ending at 
a second point in time during which a number of 
input pulses have been developed, including means 
for inhibiting the counter at the second point in 
time so that the counter provides at its output an 
indication of the number of clock pulses accumu 
lated during the interval to in turn derive an indica 
tion of the output frequency; and 

means in the system processor for sensing the indica 
tion at the output of the counter at a predetermined 
point during each control cycle. 

2. The frequency detector of claim 1, wherein the 
gating means comprises a second counter having at least 
one output coupled to the gating input of the counter, a 
clock input coupled to the developing means and a 
disable input coupled to one of the outputs thereof. 

3. The frequency detector of claim 2, wherein the 
gating means includes a logic gate coupled between‘ at 
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least two outputs of the second counter and the gating 
input of the clock pulse counter. 

4. The frequency detector of claim 3, wherein the 
second counter includes a further output which devel 
ops a ready signal when the particular number of input 
pulses have been developed, the further output being 
connected to the disable input and also being coupled to 
the sysem processor. 

5. The frequency detector of claim 4, wherein the 
system processor further includes means operative at 
the predetermined point during each control cycle for 
detecting whether the ready signal has been developed 
and means responsive to the detecting means for pro 
viding a predetermined indication of the output fre 
quency if the ready signal has not been developed. 

6. The frequency detector of claim 1, further includ 
ing means for resetting the clock pulse counter once the 
indication at the output of the clock pulse counter has 
been sensed. 

7. The frequency detector of claim 1, wherein the 
gating means includes means for preventing further 
accumulation of clock pulses by the clock pulse counter 
when six input pulses have been developed during the 
interval. 

8. The frequency detector of claim 7, wherein the 
preventing means includes an OR gate coupled between 
two outputs of the gating means and the gating input of 
the clock pulse counter. 

9. The frequency detector of claim 1, wherein the 
gating means includes a disable input coupled to one of 
the outputs of the gating means, such output developing 
a high state signal when the particular number of input 
pulses have been developed, in turn disabling the gating 
means and preventing further accumulation of clock 
pulses by the clock pulse counter. 

10. In a system for controlling the output frequency 
of a generating system driven by a source of motive 
power including means for sensing such output fre 
quency and a system processor which executes a series 
of control cycles during which the processor controls 
the speed at which the generating system is driven in 
accordance with the sensed output frequency, the pro 
cessor having a clock which develops a series of clock 
pulses, the improvment comprising: 

means, in the sensing means and coupled to the pro 
cessor for developing a count of the number of 
clock pulses which are developed during an inter 
val between points in the generating system output 
including means for generating a ready signal when 
the count is developed and means for holding the 
count; 

means in the processor for determining whether the 
ready signal has been generated; and 

means in the processor for detecting the count at a 
predetermined point during a control cycle if the 
ready signal has been generated. 

11. The improvement of claim 10 further including 
means coupled to the developing means for generating 
a reset signal once the count is detected to reset the 
developing means and to initiate development of a new 
count. 
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12. The improvement of claim 10, wherein the gener 

ating system includes a permanent magnet generator 
(PMG) and wherein the developing means includes a 
signal conditioner coupled to the PMG output for pro 
ducing a series of pulses at the output frequency of the 
PMG, and wherein the developing means further in 
cludes means for counting a predetermined number of 
pulses to establish the interval. 

13. The improvement of claim 10, further including 
means for providing a predetermined count if the ready 
signal has not been generated at the predetermined 
point. _ 

14. The improvement of claim 10, wherein the hold 
ing means includes a disable input and means for cou 
pling the ready signal to the disable input at the end of 
the interval to hold the count. 

15. The improvement of claim 10, wherein the source 
of motive power includes a shaft coupled to the generat 
ing system, and wherein the sensing means further in 
cludes a plurality of lobes and a magnetic pick-up dis 
posed adjacent the shaft for sensing the rotation of the 
lobes to in turn develop a series of MPU pulses having 
a frequency proportional to the rotational speed of the 
shaft. 

16. The improvement of claim 15, wherein the devel 
oping means includes a sequencer coupled to the MPU 
having an output which indicates when a particular 
number of MPU pulses have been accumulated by the 
sequencer and a clock pulse counter which counts the 
number of clock pulses which are developed as the 
particular number of MPU pulses are accumulated. 

17. The improvement of claim 16, wherein the clock 
pulse counter includes a gating input coupled to the 
sequencer and wherein the sequencer includes a disable 
input coupled to the sequencer output to disable the 
sequencer and hence prevent further counting of clock 
pulses by the clock pulse counter when the particular 
number of MPU pulses have been accumulated. 

18. The improvement of claim 10, wherein the system 
processor is a microprocessor including means for reset 
ting the developing means after the count has been 
detected. 

19. The improvement of claim 10, wherein the devel 
oping means comprises: 
means for generating a series of input pulses at a 

frequency proportional to the output frequency, 
a sequencer having a clock input coupled to the ?rst, 

second and third input pulses and outputs which 
assume a high state when two, four and eight input 
pulses are received by the sequencer, respectively, 
and also having a disable input coupled to the third 
output, 

an OR gate having ?rst and second inputs connected 
to the ?rst and second outputs, respectively, and 
also having an output and 

a clock pulse counter having a clock input coupled to 
the clock pulse generating means, a gating input 
coupled to the OR gate and an output coupled to 
the system processor which develops an indication 
of the number of clock pulses received by the clock 
pulse counter while the OR gate output is in a high 
state. 
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